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ABSTRACT
The microorganism Mycoplasma (M.) genitalium was first isolated by culture in 1980. 
Further attempts to culture this mycoplasma were difficult because of its slow growing 
nature. The development of polymerase chain reaction methods has made it possible to 
detect M. genitalium more readily but yet there are no commercial tests available.  
M. genitalium is sexually transmitted and is an independent cause of non-gonococcal 
urethritis in men and most likely of cervicitis in women. There is accumulating 
evidence that M. genitalium might play a role as an important agent causing upper 
genital tract infections in women with possible sequelae like those found after 
Chlamydia (C.) trachomatis infections. 

In this thesis various clinical aspects of M. genitalium infection have been elucidated in 
patients attending our clinic for sexually transmitted infections (STI-clinic).  

Paper I:  M. genitalium among male patients was found to be associated with non-
chlamydial non-gonoccocal urethritis. M. genitalium positive patients also more often 
had a history of recurrent urethritis compared to controls.  
Paper II:  First void urine (FVU) specimens were found superior to urethral swab 
specimens in male patients to detect M. genitalium; giving a relative sensitivity of 98 % 
with the first test regime compared to 89 % with the latter. Among female patients the 
highest sensitivity was accomplished when a FVU specimen was supplemented with a 
cervical swab specimen. 
Paper III:  A patient with a unilateral conjunctivitis and a concomitant urethritis was 
found to be infected with M. genitalium. Identical DNA sequences were found in the 
eye and the genital tract. After antibiotic treatment the symptoms cleared and tests of 
cure became negative for M. genitalium at both sites. This is the first publication of  
M. genitalium associated conjunctivitis. 
Paper IV:  Antibiotic treatment of M. genitalium was studied. Treatment with 
doxycycline was found much less effective as compared to azithromycin in both men 
and women. The highest clearance rate was achieved when azithromycin was given in a 
dose of 500 mg day 1 followed by 250 mg days 2-5. This regimen is today recognized 
as the treatment of choice for M. genitalium infections. The clinical findings after 
treatment were poor predictors of successful outcome.  
Paper V:  The clinical findings in women infected with M. genitalium as compared to 
women with chlamydial infection or women uninfected with these organisms were 
studied. There were only minor differences in the clinical appearance between these 
groups regarding symptoms and signs of lower genital tract infection. A substantial 
number of both M. genitalium and C. trachomatis positive women were symptomless. 
Thus, in order to detect Mycoplasma genitalium infections in women, as is the case 
with C. trachomatis infections, tests should be used on wide indications. 

Conclusions:  
We recommend a generous testing of men and women for M. genitalium regardless of 
signs and symptoms - if tests are available! 
We recommend azithromycin orally 500 mg day 1 followed by 250 mg daily for 4 days 
as the first line treatment of M. genitalium infection in Sweden.  
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1 INTRODUCTION 

Sexually transmitted infections (STI) are widespread all over the world. To prevent the 
spread of STI and their complications it is of great importance to diagnose and to treat 
them. STI can result in upper genital infections and extragenital manifestations as 
sexually acquired reactive arthritis (SARA). STI in women can lead to pelvic 
inflammatory disease (PID), tubal infertility and ectopic pregnancy (EP) and can be 
transmitted to the child during pregnancy and delivery. STI in men can lead to 
epididymitis and epididymo-orchitis. STI can increase the risk for transmission of HIV 
[1].  
In patients attending for signs and symptoms of non-gonococcal urethritis (NGU) and 
non-gonococcal cervicitis Chlamydia (C.) trachomatis is a known major pathogen. The 
prevalence of C. trachomatis in NGU has been estimated to be 11-43% in various 
studies [2]. In a high percentage of NGU the causing pathogen has been unknown. 
During the last 15 years an increasing number of studies have shown evidence for 
Mycoplasma (M.) genitalium as a pathogen in NGU in men. Fewer studies have been 
published concerning women but there is evidence for an association with cervicitis and 
PID [3]. 

1.1 URETHRITIS 
Lower urinary tract infections with symptoms from the urinary bladder and sometimes 
from the urethra are common in fertile women. The most important pathogen in 
Sweden is  Escherichia coli. Lower urinary tract infections are less common in fertile 
men and can be a sign of underlying disease such as hyperplasia of the prostate 
glandule, kidney stones or other abnormalities. 
Urethritis is an inflammation of the urethra of both infectious and non-infectious and 
also sometimes of unknown aetiology. If it is of infectious origin it is considered to be 
mainly sexually transmitted.
Neisseria (N.) gonorrhoeae was the first bacterial pathogen established to cause 
sexually transmitted acute urethritis and cervicitis. N. gonorrhoeae was discovered in 
1879 and was believed to be the only cause of acute urethritis – gonococcal urethritis. 
The prevalence of N. gonorrhoeae has declined in Sweden and C. trachomatis is now 
known to be the most common pathogen causing NGU. Other possible pathogens are 
different viruses; as Herpes simplex virus (HSV), Human Papilloma Virus and 
Adenovirus; other bacteria as ureaplasmas, mainly Ureaplasma (U.) urealyticum); fungi 
and protozoa. In approximately half of the cases of NGU the aetiology has been 
unknown. 
In a recent case control study Bradshaw et al. tested men with and without symptoms of 
NGU for C. trachomatis, M. genitalium, HSV-1 and -2, Trichomonas (T.) vaginalis,
U. urealyticum, U. parvum, Gardnerella (G.) vaginalis and adenoviruses. C. 
trachomatis, M. genitalium, adenoviruses and HSV-1 were identified as significant 
causes of NGU [4].  
Symptoms of urethritis are discharge, and/or dysuria and urethral pruritus but it may be 
asymptomatic. Urethral smears, gram stained or methylene-blue stained, are often used 
to confirm the diagnosis of urethritis. Urethritis is present if the urethral smear contains 

 5 polymorphonuclear leucocytes (PMNL) in 5 microscopic high power fields (hpf). 
Non-gonococcal urethritis was originally described in men but recent studies have 
shown that female NGU is an important predictor of STI [5-7]. 
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1.2 CERVICITIS 
Mucopurulent cervicitis is considered to be the female equivalent of male urethritis [8].  
No common definition of cervicitis exists, but in many scientific studies or in STI 
guidelines, clinical signs of cervicitis with mucopurulent discharge or easily induced 
bleeding (friability) and the presence of elevated PMNL in a cervical smear have been 
used. The definition of elevated PMNL differs from  10 to  30 in different studies. 
The lack of a clear definition of cervicitis has caused difficulties in comparing studies 
of associations between pathogens and disease. Cervicitis can be associated with 
pathogens as N. gonorrhoeae, C. trachomatis, Herpes simplex and other viruses and 
protozoa as T. vaginalis [9, 10]. The role of ureaplasmas, M. hominis and bacterial 
vaginosis in cervicitis is not clarified. In many cases no pathogen can be isolated in 
congruence with NGU in men.  
Many women with cervicitis are asymptomatic. Endocervical infections can result in 
ascending infections in the endometrium and the fallopian tubes and to PID. 

1.3 MYCOPLASMAS  
The class Mollicutes contains prokaryotic bacteria probably of gram-positive origin and 
distinguished by the absence of a cell wall. The word Mollicutes is derived from Latin 
and means “soft skin”.   
Mollicutes contains different genera of bacteria and about 200 different species. The 
expression “mycoplasma” in clinical use often refers to any species belonging to the 
Mollicutes. The order Mycoplasmatales belonging to this class with the family 
Mycoplasmataceae contains the two genera Mycoplasma and Ureaplasma. The genus 
Mycoplasma contains more than 100 species and 16 are of known human origin. Many 
Mycoplasmas are commensals but several of them can cause disease in humans, 
animals and plants. They are usually organ and tissue specific. Mycoplasmas are the 
smallest free-living organisms capable of self-replication. They have a parasitic way of 
living depending on the host cells nutrients. Mycoplasmas can colonize the mucosa in 
the respiratory and urogenital tracts. M. hominis was the first Mycoplasma isolated 
from humans but its role as a urogenital pathogen is debated [11, 12]. M. pneumoniae is 
a known cause of pneumonia and other respiratory tract infections. Two Ureaplasma
species U. urealyticum and U. parvum are often found in the urogenitaly tract. In 
several studies U. urealyticum has been associated with acute and chronic NGU in men 
[13, 14].  
M. genitalium was first isolated by culture in 1980 and suspected to be associated with 
NGU [15]. 
The complete gene sequence of M. genitalium was published in 1995 as the second 
complete genome sequence of a bacterium. The complete nucleotide sequence is 580 
kilo base pairs and this is the smallest known bacterial genome [16]. 

1.4 MYCOPLASMA GENITALIUM  
M. genitalium is a flask shaped bacterium with a gliding motility. The terminal tip is 
used to attach to target cell surfaces with an adhesion protein called MgPa. The MgPa 
adhesin gene is used as a target for polymerase chain reaction (PCR) primers.  
M. genitalium lacks genes involved in amino acid synthesis and is in need of amino 
acids from the target cells [17]. It was shown that M. genitalium appeared to be capable 
of intracellular invasion after adhesion to human cells in a study of Mernaugh [18] and 
in a Danish study M. genitalium was found intracellularly in Vero cells [19]. 
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Figure 1. EM micrograph showing M. genitalium adhering to Vero cells with the specialised tip 
structure (arrow). EM performed by Jens Blom, Statens Serum Institut. 

 
 
1.4.1 Animal models 
Male and female subhuman primates were inoculated with M. genitalium urogenitaly. 
Male chimpanzees developed urethritis and some of them shedded organisms for 21 
weeks. Female chimpanzees inoculated intravaginally developed persistent infection of 
the lower genital tract and shedded organisms from the vagina for 11-15 weeks. The 
majority of the chimpanzees developed significant antibody responses [20]. In 
experimentally inoculated simian species M. genitalium induced infection or 
colonisation and salpingitis in some cases [21]. When grivet monkeys and marmosets 
were inoculated in the oviducts with M. genitalium, the mycoplasma could not be 
recovered from the oviducts but all the animals developed an endosalpingitis and they 
also developed antibodies to M. genitalium [22]. 
 
1.4.2 Diagnostic methods 
Mycoplasma genitalium was initially isolated in 1980 by culture of urethral discharge 
in SP-4 medium from 2 men with non-gonococcal urethritis. Two strains named G37 
and M30 were isolated [15].  Further attempts to culture this new mycoplasma were 
difficult because of its slow growing nature. Jensen et al. isolated four new strains using 
Vero cell cultures but this method was also very time-consuming [23]. With a 
combination of this cell culture system with measurement of M. genitalium growth by a 
quantitative real-time PCR method, antimicrobial susceptibility testing could be 
performed [24]. In a clinical setting, culture of M. genitalium is not a possible method 
to use. 
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Figure 2 .  Mycoplasma genitalium colonies (dark blue) in culture.  
Photo provided by Jørgen  Skov Jensen, Statens Serum Institut 

 
The first PCR assays for detection of M. genitalium in clinical samples were published 
in 1991 [25, 26]. These assays were based on the MgPa DNA sequence. Later other 
assays with PCR amplification of the 16S rRNA gene were developed [27]. In a study 
published in 2008 Edberg et al. found that a realtime MgPa gene PCR demonstrated 
higher sensitivity compared with 16S rRNA gene PCR and compared with real-time 
16S rRNA gene PCR for detection of M. genitalium DNA [28]. 
The development of PCR methods has made it possible to detect M. genitalium more 
readily but there are as yet no commercial tests available. Different laboratories use 
their own in-house nucleic acid amplification tests (NAAT). 
M. genitalium has a close genetic relation to M. pneumoniae and the two bacteria share 
many properties. This has prevented the use of serological methods as diagnostics in 
clinical settings due to cross-reactions [29] but serological methods have been used in 
some research studies. 
 
1.4.3 Prevalence 
During the last 15 years M. genitalium has been established as a pathogen in sexually 
transmitted diseases. Several studies have found evidence for M. genitalium as a 
pathogen both in men and women. There are a few epidemiological studies studying 
the prevalence of M. genitalium outside STI populations. In a study of young adults 
who participated in Wave III of the national Longitudinal Study of Adolescent Health, 
Manhart et al. used urine specimens for detection of M. genitalium. M. genitalium was 
detected in 0.8% of the women and in 1.1% of the men [30].   
In a Danish study performed on specimens from a population of 21-24 year old men 
and women M. genitalium was detected in 2.3% of the women and in 1.1% of the men. 
Corresponding figures for C. trachomatis were 8.4% in women and 5.6% in men [31]. 
A Japanese study of female students in vocational schools detected M. genitalium in 
2.8% and C. trachomatis in 8.8% in FVU specimen [32] and in another Japanese study 
of 100 healthy male volunteers 1% was M. genitalium positive and 6% C. trachomatis 
positive [33].  
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1.4.4 M. genitalium in men 
Several studies of men in STI populations have associated M. genitalium with NGU, 
independent of the isolation of C. trachomatis. Horner et al. detected M. genitalium in 
23% of symptomatic men with NGU but in only 6% of asymptomatic men [34].  In a 
meta analysis of 16 studies 19.3% of men with NGU were M. genitalium positive 
compared to a prevalence of 27.7% for C. trachomatis. In men with non-chlamydial 
non-gonococcal urethritis (NCNGU) 21.9% were M. genitalium positive compared to 
6% in men without urethritis [35]. M. genitalium has also been associated with 
persistent or recurrent NGU [36-38]. To what extent M. genitalium causes epididymitis 
and orchitis is not known. M. genitalium has been detected in the prostate in 4% of men 
with chronic idiopathic prostatitis [39]. In a cross-sectional study of 521 men who have 
sex with men (MSM) attending male-only saunas M. genitalium was less common than 
C. trachomatis and N. gonorrhoeae and most often detected as asymptomatic urethral 
or rectal infection. M. genitalium was not detected in the pharynx [40]. The prevalence 
of urethral and rectal M. genitalium in 438 MSM attending a genitourinary medicine 
clinic was investigated. Rates of M. genitalium was significantly higher in both urethra 
and rectum in HIV-positive men than in HIV-negative [41]. 

1.4.5 M. genitalium in women 
There are fewer studies associating M. genitalium with disease in women but data is 
increasing. A number of studies have found that M. genitalium is associated with 
cervicitis despite the fact that different definitions of cervicitis were used [6, 7, 42-44]. 
In a study in Japanese women, where C. trachomatis positive were excluded,  
M. genitalium was detected in 7.8% of women with cervicitis and in 4.1% of women 
with adnexitis. In a group of asymptomatic pregnant women none was diagnosed [42]. 
Pépin et al. found M. genitalium highly prevalent in West African sex workers. The 
authors compared both individual signs and combinations of signs of cervicitis, and 
found associations varying from non-significant to odds ratios of 4.5 [43]. Manhart et 
al. investigated archived cervical specimens from an STI population. M. genitalium was 
detected in 7% of 719 women and 48.0% of those had mucopurulent cervicitis [44]. 
One study published in 2002 found M. genitalium in 38% in women with abnormal 
vaginal discharge and in 43% of women positive for C. trachomatis. No association 
with cervicitis was found [45]. However, with such a high prevalence laboratory 
contamination could be suspected. Anagrius et al. found in their study that  
M. genitalium was detected three times more often in women with urethritis than in 
those without, 9.2% compared to 2.6% [7].   

1.4.6 Upper genital infections in women  
A number of studies have found evidence for an association between M. genitalium and 
upper genital infections in women. M. genitalium was strongly associated with 
histological confirmed endometritis in a study performed in Kenya [46]. In a case-
control study of PID 13% had evidence of M. genitalium infection and 27% had 
chlamydial infection. None of the controls had M. genitalium or C. trachomatis 
detected. PID was defined using the clinical criteria lower abdominal pain, adnexal 
tenderness and tenderness with motion of cervix or uterus [47]. Cohen et al. examined 
specimens from 123 women laparoscopically diagnosed with salpingitis. M. genitalium
was detected in cervix and/or endometrium in 7% and in one single fallopian tube 
specimen [48]. Short et al used data and stored specimens from the PID Evaluation and 
Clinical Health (PEACH) study to investigate clinical features of women who had 
clinically suspected PID.  
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PID was suspected when there were complaints of acute pain (<30 days in duration), a 
clinical finding of pelvic tenderness and evidence of lower genital tract inflammation 
(LGTI). Women with M. genitalium infection presented with fewer signs and 
symptoms of PID compared to women with N. gonorrhoeae infection but with similar 
signs and symptoms as C. trachomatis positive women [49]. 

1.4.7 Adverse pregnancy outcome 
In a study of urine specimens from 915 women in early pregnancy M. genitalium was 
found in 6 (0.7%), and one of them miscarried [50]. Labbé et al. studied M. genitalium
infection and the outcome of pregnancy in 1014 women. 6.2% were M. genitalium
positive. No association with adverse outcomes of pregnancy was found [51]. In a 
cohort of pregnant women (n=134) with preterm labor, the vaginal fluid was examined 
for the presence of anaerobic bacteria, G. vaginalis, ureaplasmas and mycoplasmas.  
M. genitalium was found to be an independant risk factor for spontaneous preterm 
delivery [52]. Taylor-Robinson discussed the role of mycoplasmas in pregnancy 
outcome and concludes that it is unclear whether M. genitalium is a risk factor in 
pregnancy outcome [53]. 

1.4.8 M. genitalium in termination of pregnancy 
Three hundred women who seeked for termination of their pregnancies were examined 
in a prospective study from New Zealand. M. genitalium was detected in 8.7% and was 
not related to C. trachomatis or bacterial vaginosis [54]. Bjartling et al. detected  
M. genitalium in 52/2081 (2.5%) and C. trachomatis in 59/2081 (2.8%) of women 
attending for termination of pregnancy. Complications after terminations were studied 
and M. genitalium was associated with postabortal infections [55]. 

1.4.9 Infertility and ectopic pregnancies 
Clausen et al. investigated sera from 308 infertile women. 132 of these infertile women 
had tubal factor infertility (TFI). M. genitalium antibodies were found in 22% of 
women with TFI and, of these M. genitalium seropositive, 27.6% were at the same time 
negative to C. trachomatis. 56.8% of TFI women were seropositive to C. trachomatis.
The authors conclude that M. genitalium may be an independent risk factor for TFI 
[56]. A prospective study performed at two Danish fertility clinics investigated women 
with TFI. Serum and swab specimens were analysed for antibodies and the presence of 
M. genitalium and C. trachomatis. No signs of current or chronic infections were found 
but a frequent antibody response against M. genitalium or C. trachomatis indicating 
that earlier infections may have resulted in TFI [57]. Another study investigated sera 
from 194 women with clinical diagnosis of PID, sera from 83 women with clinical 
diagnosis of EP and as controls 246 sera from healthy pregnant women and 150 sera 
from female blood donors. No statistically significant association between PID or EP 
and M. genitalium antibodies was found, though a weak tendency was found in 
younger individuals [58]. Svenstrup et al. studied the possibility of M. genitalium
attachment to human spermatozoa and found that M. genitalium can bind to 
spermatozoa. This may be of importance in causing upper genital infections in woman 
[59].  

1.4.10 Sexual transmission 
In a case-control study of men with and without NGU and their female partners  
C. trachomatis was detected in 36% of men with NGU and in 26% of their female 
partners. M. genitalium was detected in 33% of the men with NGU and in 32% of their 
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female partners [60]. Anagrius et al. found in a cross-sectional study that 38% of 26 
male partners of M genitalium positive female index patients were positive. The 
concordance rate for 22 female partners of male index patients was 45% [7]. Hjort et al. 
investigated M. genitalium positive specimens from 19 couples with a DNA sequence-
based typing method. All partners had concordant sequence types, showing 
unequivocally that M. genitalium is an STI [61].  

1.4.11 Extragenital manifestations 
M. genitalium is mainly regarded as a urogenital pathogen. Because of the clinical 
similarity between M. genitalium and C. trachomatis it seems likely that M. genitalium
also can cause SARA, neonatal infections and ocular infection. M. genitalium has been 
detected from the knee joints of two men; one of them had Reiter’s syndrome and the 
other seronegative rheumatoid arthritis [62]. M. genitalium has also been detected in 
temporomandibular joints [63]. In our case report M. genitalium was diagnosed in a 
male with unilateral conjunctivitis and urethritis and the bacterium was found in both 
sites (III). In a study performed in a trachoma endemic area of Tanzania on stored eye 
specimens all specimens were negative for M. genitalium [64]. 

1.4.12 Treatment 
Like other mycoplasmas M. genitalium lacks a cell wall and is resistant to treatment 
with cell wall inhibitors as -lactam antibiotics (penicillin and cephalosporin). 
Mycoplasmas are susceptible to antibiotics that inhibit protein synthesis and most of 
these antibiotics have a bacteriostatic effect. Eradication of mycoplasmas can be 
challenging if antibiotics lack bactericidal activity and eradication can be slow as a 
result of intracellular growth and replication. Resistance to antibiotics can arise by gene 
mutations or by acquisition of resistance genes [65].  In earlier in vitro studies  
M. genitalium has been reported to be susceptible to tetracyclines, macrolides and 
highly susceptible to azithromycin and some of the newer quinolones [65-68]. Most of 
these data originate from a few laboratory strains of M. genitalium. Hamasuna et al. 
examined an extended number of strains and several of them could be considered 
resistant to tetracyclines but sensitive to azithromycin and moxifloxacin [24]. A number 
of reports and studies have described persistence of M. genitalium and recurrence of 
symptoms after treatment with tetracyclines [38, 69, 70] and one study after treatment 
with levofloxacin [71]. Several studies have reported a better treatment efficacy of  
M. genitalium infections with azithromycin.  In a randomized study treatment with 
azithromycin 1 g as single dose or doxycycline 100 mg orally twice a day in 7 days was 
given to men with M. genitalium positive urethritis. Azithromycin was significantly 
more effective than doxycycline [72]. A Norwegian retrospective study found that 79% 
of patients treated with azithromycin 1 g as single dose recovered [73]. Patients 
resistant to treatment with azithromycin were given moxifloxacin 400 mg daily in 7 
days with a cure rate of 100%. Moxifloxacin was found to have a high in vitro activity 
against urogenital mycoplasmas and was also found to be bactericidal in vitro against 
the mycoplasma and ureaplasma isolates not resistant to fluoroquinolones [74]. 
However, we recently experienced treatment failure with moxifloxacin as well as with 
azithromycin and doxycycline in a patient with severe urethritis symptoms. Isolation 
was successful and in vitro antimicrobial susceptibility testing showed that the strain 
was highly resistant to all available antibiotics.
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2 AIMS OF THE THESIS 

To investigate various aspects of M. genitalium infections in patients attending an out-
patient STI clinic. 

Paper I:  The aim of this study was to determine the prevalence of M. genitalium in a 
male STI population with and without non-gonococcal urethritis. The occurrence of  
M. genitalium among men with NGU was compared to that of a control group of men 
without NGU. The findings were compared with the prevalence of C. trachomatis in 
both groups. 

Paper II:  The aim of the study was to determine the most sensitive sampling technique 
for M. genitalium and C. trachomatis.
Urethral swabs and first void urine from men and urethral and cervical swabs and first 
void urine from women were collected consecutively from patients independent of the 
reason of their visit.  

Paper III:  A patient with a concomitant M. genitalium infection of the eye and the 
urethra is described.

Paper IV:  The aim of this study was to learn more about the treatment of  
M. genitalium. A multi-centre study was conducted aimed to compare the effects of 
doxycycline and azithromycin. 

Paper V: The aim of this study was to compare the clinical history, signs and 
symptoms in women infected with M. genitalium and C. trachomatis and women who 
tested negative for these microorganisms. 
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3 MATERIALS AND METHODS 

3.1 PAPER I 
One hundred and six male patients attending the outpatient STI clinic were enrolled. 
Present and past STI-related history and symptoms were recorded. Discharge, dysuria 
or urethral pain was indicative of urethritis. Urethral smears were taken with a plastic 
loop and stained with 5% methylene blue and examined microscopically at 1000x 
magnification and the presence of PMNL were recorded in at least 5 representative 
fields with the highest concentration of PMNL. Urethritis was considered present when 
4 or more PMNL were found. All patients had specimens taken for culture of  
N. gonorrhoeae and C. trachomatis as well as a urethral swab specimen for detection of 
M. genitalium. The latter specimen was taken with a cotton tipped ENT aluminium 
swab 3-4 cm into the urethra. The sample was placed in 2SP transport medium and 
stored frozen at -70° C until shipped on dry ice to Statens Serum Institut (SSI) in 
Copenhagen. No information regarding the clinical findings was given to the 
laboratory.  
Sample preparation for PCR was performed by mixing 100 l of the specimen in 2SP 
with 300 l of a 20% w/v Chelex solution in TE buffer and incubated at 95° C in 10 
minutes. After centrifugation 25 l of the supernatant was used for PCR detection. PCR 
primers were deduced from the 16S rDNA sequence of M. genitalium. To avoid false-
negative results an internal control was used. At least 2 negative controls were included 
in each run. All positive results were verified with a second PCR amplifying a part of 
the MgPa adhesin gene.  

3.2 PAPER II AND V
Men (n= 1937) and women (n=776) visiting the STI clinic were enrolled consecutively. 
A standardized form was completed by the physician. It contained questions such as 
reason for attending,  present symptoms, ongoing sexual relationship, number of sexual 
partners last 6 months, condom use, earlier and present medical history including STI 
and recent antibiotic use. In male patients the presence of a discharge was noted and 
microscopy was performed as described in paper I. The diagnostic cut-off level for 
urethritis was here 5 or more PMNL. A N. gonorrhoeae swab for culture followed by 
an ENT swab specimen was taken as described in paper I. The ENT swab was placed 
in SP-4 mycoplasma broth medium for the detection of M. genitalium and  
C. trachomatis by PCR. Thereafter 15 ml of FVU was collected and divided into two 
polyethylene tubes. 11ml was sent to the local  laboratory; the remaining portion and 
the swab specimen were sent by ordinary mail to SSI. 
All female patients had a vaginal examination. Palpation of the upper genital tract was 
performed only when the patient complained of abdominal pain. The presence of an 
abnormal vaginal and/or cervical discharge was noted. Urethral and cervical smears 
were taken with respective swabs for N. gonorrhoeae culture and processed as 
described in paper I. PMNL were counted and the presence of  5 or more in the urethra 
and 30 or more in the cervix was noted. Also, a vaginal smear was prepared on a slide, 
diluted in saline and examined at 400x magnification in a phase contrast microscope 
(wet smear). The amount of PMNL was evaluated in relation to the concentration of 
epithelial cells and the dominant bacterial flora was noted. The eventual presence of 
clue cells, trichomonads or mycelial threads was also observed. 
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Then, urethral and cervical ENT swabs were taken and pooled in 2SP transport medium 
for the local laboratory and the sites described above were sampled with ENT swabs 
for M. genitalium and C. trachomatis detection at SSI. Finally, after the clinical 
examination, 4 ml of FVU was collected and sent together with the swab specimens to 
SSI. 
No information about the clinical findings was given to the laboratory. 
Sample preparation for PCR was performed in the same way as described in paper I. 
M. genitalium DNA was detected by a PCR with primers deduced from the 16S rRNA 
gene sequence of M. genitalium. To avoid false-negative results an internal control was 
used. Negative controls were included in each run. All positive results were verified 
with a second PCR amplifying a part of the MgPa adhesin gene with primers MgPa-1 
and MgPa-3. C. trachomatis was detected by a PCR by amplification of a sequence of 
the cryptic plasmid. Positive results were confirmed with an inhibitor-controlled PCR 
detecting the 16S rRNA gene. 
Upon completion of the collection of specimens the microbiological findings and 
results were entered into a data base. The clinical charts were reviewed retrospectively 
in all patients positive for M. genitalium and C. trachomatis.
In paper V the female participants of the study group described in paper II was further 
evaluated.   
Throughout the study the patients were consecutively given an inclusion number. To 
create a control group, two consecutive negative women after each positive  
M. genitalium or C. trachomatis woman were selected, and their charts were reviewed. 
These controls (n=264) were divided into two crude groups depending on the reported 
reason for visiting the clinic; those who themselves suspected an STI (n=103) and those 
who attended primarily for a STI-screening (n=160). The reason for this was to create 
one group less likely and one group more likely to be infected with other 
microorganisms causing the same clinical picture as that seen in patients with  
M. genitalium or C. trachomatis infections.  

3.3 PAPER III 
This paper describes a 22 year old male attending the clinic for an STI-screening. He 
described symptoms of mild intermittent dysuria for several months. It was observed 
that he also had a unilateral redness of the conjunctiva which he had noted for 5 
months. A urethral smear was taken as described above as well as an FVU specimen. 
One portion was sent to the local laboratory for detection of C. trachomatis and the rest 
to SSI for detection of M. genitalium and C. trachomatis by PCR. Two ENT swabs 
were rolled in the conjunctival sac of the affected eye; the first was sent in 2SP medium 
for C. trachomatis detection locally and the other one in SP-4 mycoplasma broth 
medium to SSI for M. genitalium and C. trachomatis analyses. 
M. genitalium was detected by PCR as described in paper I and papers II and V. The 
PCR amplicons obtained with the MgPa-1/MgPa-3 primer set from the conjunctival 
specimen and from urine specimens were sequenced. These sequences were compared 
with other sequences obtained from cultures of 14 M. genitalium strains and from 30 
patient specimens from another study. 

3.4 PAPER IV
Patients 18 years or older infected with M. genitalium were recruited at 6 different STI 
clinics in Sweden and Norway to evaluate the effect of treatment with doxycycline and 
azithromycin in different dosages. Patients co-infected with N. gonorrhoeae or  
C. trachomatis were excluded. 152 men and 60 women were recruited. The study 
design emanates from the time when little was known of the appropriate treatment.  
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M. genitalium had been shown to be susceptible in vitro to both tetracyclines and 
macrolides [66].The impression at that time was that both antibiotics were effective 
although failures were seen; perhaps more often with doxycycline treatment. In order to 
capture putative M. genitalium positive candidates, all patients attending with 
symptoms and/or signs of NGU and/or women with LGTI were primarily enrolled and 
treated with the standard regimen of each site. All patients were screened for  
N. gonorrhoeae, C. trachomatis, HIV and syphilis. Smears from the urethra and in 
women also from the cervix and the vagina were collected and examined 
microscopically as described in papers II and V.  
The first line treatment was either doxycycline 200 mg day 1 followed by 100 mg days 
2-9, or azithromycin 1g as a single dose. The patients still positive for M. genitalium at 
follow-up were treated with azithromycin 500 mg day 1 and 250 mg days 2-5 if they 
had failed on doxycycline. If they failed on azithromycin 1 g single dose they were 
given doxycycline 100 mg twice daily for 15 days. The outcome of these extended 
treatments was evaluated at a second follow-up. At each visit a clinical examination 
was performed and urethral, cervical and vaginal smears were collected as described in 
papers II and V. Tests for N. gonorrhoeae and C. trachomatis were performed 
according to local routines. FVU and cervical specimens were sampled for  
M. genitalium analysis by PCR as described in paper II.  

3.5 STATISTICAL ANALYSES
The Chi-square test with Yates’s correction (paper I) or Fisher’s exact test (two-tailed) 
(paper II, IV, V) was used to test for differences in proportions. The Mann-Whitney test 
was used to test for differences in continuous variables between groups (paper I, II, IV, 
V). McNemar’s test was used to compare paired proportions and Cochran’s Q test for 
comparison of paired data with more than 2 groups. Furthermore, logistic regression 
analysis was used in paper II.
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4 MAIN RESULTS 
 
 
4.1 PAPER I 
Urethral specimens from 101 male patients were analysed for the presence of  
M. genitalium DNA. Fifty patients had NGU as defined by showing 4 or more PMNL 
in their urethral smears. M. genitalium was found in 13 (26%) of these patients as 
compared to 5 (9.8%) in the control group (p= 0.06). There were 14 patients with 
C. trachomatis (28%) compared to 1 in the control group (p< 0.001). We found no 
patient infected with both microorganisms simultaneously. Excluding the C. 
trachomatis positive patients (NCNGU) M. genitalium comprised 36% (13/36) which 
was statistically significantly different compared to the control group (p=0.007). These 
findings indicated that M. genitalium was an independent factor causing NGU (table 1).  
Another interesting result in this work was that M. genitalium positive patients 
significantly more often had a history of previous urethritis compared to the others 
(table 2) indicating a role of M. genitalium in recurrent urethritis. 
 
 
 
 
 
 
 
Table 1  

  
 
 
 
 
 
 

recorded on a standard questionnaire. A patient
history of either discharge, dysuria or urethral pain
was considered as indicative of urethritis.
In conjunction with the clinical examination, an

urethral sample was taken with a plastic loop and
smeared onto a glass slide, ®xed and stained in 5%
methylene blue for a few seconds and subsequently
examined at 10006 magni®cation for the presence
of polymorphonuclear leukocytes (PMNL) in 5 or
more representative ®elds with the highest con-
centration of PMNL. Patients with 4±10 PMNL/
high power ®eld (hpf) were de®ned as having low-
grade urethritis, whereas those with 410 PMNL/
hpf were de®ned as having high-grade urethritis.
First, a sample taken with a cotton-tipped swab

from the urethral meatus was inoculated at the
bedside on agar plates for culture of Neisseria
gonorrhoeae. Secondly, an ENT cotton-tipped
aluminium swab was inserted 3±4 cm into the
urethra and subsequently placed in a tube with
2ml of C. trachomatis 2SP transport medium. This
specimen was used for the isolation of C. tracho-
matis in McCoy cell cultures14. Finally, a sample of
M. genitaliumwas taken for detection with the same
procedure as the C. trachomatis sample and was
stored frozen at 7708C and shipped on dry ice to
the laboratory in Copenhagen. No information
about the patients was given to the laboratory.
Sample preparation for PCR was performed by

mixing 100ml of the specimen in 2SP with 300ml of
a 20% w/v Chelex 100 slurry (BioRad, Richmond,
California, USA) in TE buffer (10mM Tris-HCl
[pH 8.0], 1mM EDTA) and incubated at 958C for
10min15. After a brief centrifugation, 25 ml of the
supernatant, corresponding to approximately 8 ml
of the original specimen, was used for PCR.
Mycoplasma genitalium DNA was detected by a

PCR with primers deduced from the 16 S rDNA
sequence of M. genitalium amplifying a 425 bp
fragment of the gene from nucleotide no. 45 to
469 of Gene Bank accession number X7733416. The
assay was consistently capable of detecting
less than 10 genome equivalents, when puri®ed
M. genitalium DNA was added to PCR-negative
specimens. An internal control for inhibition was
included, in order to avoid false-negative results
due to Taq polymerase inhibitors. All positive
results were con®rmed by a second PCR amplify-
ing a part of the M. genitalium MgPa adhesin gene,
as previously described7. Strict physical separation
between PCR set-up and post-PCR analysis
laboratories were maintained9. Sterile ®lter tips
(ART1, SDS, Falkenberg, Sweden) were used in all
manipulations with the samples. Working surfaces
in the PCR set-up laboratory were regularly wiped
with a 4% Diversol solution containing hypo-
chlorite17 and were exposed to ultraviolet light
between sessions with the purpose of destroying
contaminating DNA. Positive controls contained
10 and 100 genome equivalents of M. genitalium.
At least 2 negative controls were included in each
run.

The study was approved by the local ethical
committee.

Statistical analysis

The Chi-square test with Yates’ correction was
used to test for differences in proportions. The
Mann±Whitney test was used to test for differences
between groups.

RESULTS

Urethral specimens from 101 patients with a
median age of 27 years (range 18±51 years) were
analysed for the presence of M. genitalium DNA.
Specimens from 5 other patients were excluded;
one patient because a urethral smear for micro-
scopy had not been taken, and 4 patients due to a
concomitant gonococcal urethritis. Fifty patients
had NGU de®ned by the presence of 54 PMNL/
hpf, whereas 51 patients did not meet this criterion
and were included as controls. In the NGU group,
10 patients lacked self-reported symptoms of
urethritis, but 3 of them did have a discharge upon
examination (all 3 were positive for C. trachomatis)
and one (positive for M. genitalium) had balanitis.
Among the controls, 9 patients attended because of
condylomata acuminata, 8 because of balanitis, 2
because of genital herpes, and 7 because of
subjective symptoms of urethritis, among whom
one patient also had genital herpes. The remaining
25 patients attended for a routine STD check-up
and/or for HIV testing. None of the controls had a
visible discharge. Age did not differ between NGU
patients and controls or between those patients
positive for M. genitalium or C. trachomatis and the
remaining patients.
The median number of reported sexual partners

within the last 6 months was 2 (range 1±8) in the
NGU group compared with 1 (range 0±10) in the
control group (not statistically different).
Among the 50 patients with NGU, M. genitalium

DNA was detected in 13 (26%) of the patients
compared with 5 (10%) of the control patients
(P=0.06) (Table 1). C. trachomatis was isolated from
14 (28%) of the 50 patients with NGU compared
with 1 (2%) of the 51 control patients (P=0.0007).
No patient positive for C. trachomatis had a
simultaneous M. genitalium infection. Thus, 36
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Table 1. Mycoplasma genitalium and Chlamydia tracho-
matis in male STD patients with and without non-gonococcal
urethritis (NGU) and non-chlamydial NGU (NCNGU)
de®ned by microscopy; patient groups compared with controls

NGU
(n=50)

NCNGU
(n=36)

Controls
(n=51)

M. genitalium 13 (26)* 13 (36)** 5 (9.8)
C. trachomatis 14 (28)*** ± 1 (2.0)

*P=0.06; **P=0.007;***P=0.0007.P values patient group compared

with controls. Percentages in brackets
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Table 2. Number of patients with a previous history of urethritis among male STD patients 
with non-gonococcal urethritis (NGU) stratified according to the aetiological diagnosis of the 
urethritis and compared with controls 

 
4.2 PAPER II 
From the 1937 enrolled male patients, a complete specimen set comprising FVU and 
urethral swab specimen was obtained in 1852 patients attending the clinic for the first 
time. A patient was considered infected with M. genitalium if one or both of the 
specimens were positive. M. genitalium was detected in 126 men (6.8%) and of those 
101 had concordant test results. 22 were positive only in FVU and 3 in swab only. This 
resulted in a relative sensitivity of 97.6% (123/126) for urine compared to 82.5% 
(104/126) for urethral swabs, a significant difference (p< 0.001). The degree of 
inhibition was the same in both groups. Of the enrolled patients, some visited the clinic 
more than once, giving a total of 2202 sample sets with 203 M. genitalium positive 
results yielding the same relative sensitivities in this expanded group. 
The corresponding results for the 246 (13.3%)  positive C. trachomatis patients found 
were 216 concordant, 26 FVU only and 4 urethral swab only giving the relative 
sensitivity for urine specimens to 98.4% compared to 89.4% for swab specimens 
(p<0.001) which is in line with many other reports [75, 76]. The results are summarised 
in table 3. 
 
 
 
 
 
 
 
 

exudate on examination, as both symptoms may be
transient and physiological. However, we acknow-
ledge that there are different views concerning the
de®nition of urethritis11,24.
The relevance of including patients with asymp-

tomatic urethritis in the patient group could be
discussed since these patients were only found
because they had attended the STD clinic for other
reasons13. On the other hand, it seems reasonable to
exclude them from the control group12. The
patients complaining of urethritis symptoms, but
without objective ®ndings, may have presented
with a positive smear after holding their urine
overnight25. If they were moved from the controls
to the NCNGU group, a statistically signi®cantly
higher proportion of patients with M. genitalium
was still found in that group. This was also the case
if NCNGU was de®ned as the presence of urethritis
symptoms in combination with a positive smear
(Table 2). Thus, regardless of the de®nition chosen
to characterize the patient and control population,
M. genitalium is clearly associated with objective as
well as symptomatic chlamydia negative urethritis.
Only one of 10 patients with a positive smear but
without symptoms was positive for M. genitalium
(Table 2). This is in agreement with ®gures
presented by Horner and Taylor-Robinson26 who
found 2 M. genitalium positive men among 25 men
with symptomless urethritis. Although the ®gures
are small, this is a prevalence similar to that found
in the control group.
The order of sampling may have affected the

sensitivity of the determination of M. genitalium in
both directions. This has not been looked for in the
present or in previous studies. A study comparing
swab specimens with urine samples is in progress.
Using culture instead of PCR for the detection of
C. trachomatis would probably not have altered the
present results signi®cantly27.
All patients withM. genitalium positive urethritis

had a high-grade urethritis, as de®ned by the
presence of 410PMNL/hpf. Although the num-
bers were small and statistical signi®cance was not
obtained, there was a tendency for those patients
with non-chlamydial, M. genitalium negative ure-
thritis to have low-grade urethritis. Further studies

in a larger population are needed to clarify this.
There was no correlation between the objective
®nding of high-grade urethritis and the presence of
subjective symptoms.
Culture for U. urealyticum was not performed

since it was found in a previous study9 not to be
associated with urethritis, even if quantitative
culture methods were applied. Studies with a
newly developed PCR assay for the detection and
biovar determination of U. urealyticum28 are,
however, in progress.
With an ability to detect M. genitalium in patients

with urethritis, more knowledge about the nature
of NGU can be gained and a follow up after
treatment will be possible, especially for those with
recurrent symptoms of NGU. Further studies are
needed to show the extent to whichM. genitalium is
transmitted sexually and if there are other clinical
manifestations related to infection with this bacter-
ium.
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Table 3. Number of patients with a previous history of
urethritis among male STD patients with non-gonococcal
urethritis (NGU) strati®ed according to the aetiological
diagnosis of the urethritis and compared with controls

Previous

urethritis

P value compared

with controls

Controls (n=51) 15 (29)

NGU (n=50) 26 (52) 0.03

M. genitalium pos (n=13) 9 (69) 0.02
C. trachomatis pos (n=14) 6 (43) 0.53

Other NCNGU (n=23) 11 (48) 0.20

Pos=positive; NCNGU=non-chlamydial NGU. Percentages in

brackets
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Table 3.  Distribution According to Specimen Type of 126  M. genitalium and 246  
C. trachomatis PCR Positive Specimen Sets from 1,852 Male Patients Attending the STD Clinic 
for the First Time, and of 203 M. genitalium and 270 C. trachomatis PCR Positive Specimen 
Sets Among 2202 Specimen Sets from Patients Attending the STD Clinic at any Visit 

 
Of the 753 women attending for their first time 51 (6.8%) were positive for  
M. genitalium in one or more of the FVU, cervical or urethral swab specimens. The 
relative sensitivities were 88%, 71% and 57% respectively but when combining FVU 
with either a cervical swab or a urethral swab, this increased the sensitivity to 96% and 
94% respectively. C. trachomatis was found in 73 (9.7%) women in this group in any 
specimen and was positive in 90%, 86% and 78% in FVU, cervical and urethral 
specimens respectively. The combination of FVU with a cervical swab or a urethral 
swab increased the sensitivity to 99% and 92% respectively (see table 4, where also the 
results of the women positive for M. genitalium or C. trachomatis at any visit are 
shown). 
Among the men, 21 had a dual infection with M. genitalium and C. trachomatis and 
this seemed to influence the results concerning the M. genitalium detection significantly 
enhancing the odds of having a discordant PCR result. Likewise among the 8 
coinfected women, a positive C. trachomatis status showed a trend towards a false 
negative result of the urethral swab specimen. 
 
 
 
 
 
 
 
 
 
 
 
 
 

trachomatis PCR-positive. The corresponding urethral swab spec-
imens were all M. genitalium PCR-negative (Table 1).

There was no statistically significant difference in the age dis-
tribution between men with discrepant (median, 25.7 years) and
concordant (median. 28 years) specimens (P � 0.96).

Among the 25 M. genitalium PCR-discrepant specimen sets, 9
(36%) were C. trachomatis PCR-positive as compared with 12
(12%) of the 101 concordant specimen sets (P � 0.007).

Clinical information was available for 118 of the 126 M. geni-
talium-positive patients (21 with discrepant results and 97 with
concordant results). Selected clinical variables are listed in Table
3; most importantly, men with discrepant specimen sets were less
likely to present with self-reported (P � 0.03) or observed dis-
charge (P � 0.02). Observed discharge was found in 27 (24%) of
114 men with M. genitalium infection not different from the 49
(21%) of 234 men with C. trachomatis infection when this infor-
mation was available. However, among the 21 men with a dual
infection by M. genitalium and C. trachomatis, only 1 (4,7%) had
observed discharge. Thus, men with a dual infection were less
likely to present with discharge than were those with M. genitalium
infection alone (P � 0.02) or with C. trachomatis infection alone,
although it not statistically significant (P � 0.08). Concordance
between specimens positive for M. genitalium was analyzed in a
multiple logistic regression model using exact tests and forward
selection with the following variables: C. trachomatis infection
status, the presence of observed discharge, urethritis, self-reported
urethral itch, dysuria, use of tetracycline or macrolide antibiotics
within the previous 3 months, and the continuous variables age
(grouped as �26, 26–�32, �32), number of partners within the
last 6 months (grouped as 1, 2, 3, �4), and transport time in days
(grouped as �3, 3, 4, �5). The grouping of continuous variables
was defined by limits creating similarly sized groups. In this
analysis, only a positive C. trachomatis infection status remained
statistically significantly associated with a discordant M. geni-
talium PCR result. For this variable, the odds ratio (OR) was 2.16
(95% confidence interval [CI], 1.51–11.51).

Considering all 2002 specimen sets collected from the 1852 men
at any visit resulted in a total of 203 M. genitalium PCR-positive

specimen sets, but did not change the conclusions regarding per-
formance of urethral swab specimens compared with FVU (Table
2).

Chlamydia trachomatis in Men

A total of 246 (13.3%) of the 1852 patients were positive for C.
trachomatis in urine or urethral swab specimen at their first visit.
The C. trachomatis-positive men were significantly younger (me-
dian age, 25.2 years) than the C. trachomatis-negative men (me-
dian age, 28.4 years) (P �0.0001) and younger than the M.
genitalium-positive men (P � 0.0003). The age-specific preva-
lence of C. trachomatis in men is shown in Figure 1. Of the 246
positive men, 216 were positive in both urine and urethral swab; 26
were positive in urine only, and 4 were positive in the urethral
swab only (Table 2). Thus, the relative sensitivity for urine was
98.4% as compared with a urethral swab sensitivity of 89.4% (P
�0.0001).

Inhibition of urethral swab specimens was not observed in the C.
trachomatis PCR, and only 3 (0.2%) of the urine specimens were
inhibitory in the C. trachomatis PCR; these 3 were also inhibitory
in the M. genitalium PCR. The corresponding urethral swab spec-
imens were C. trachomatis and M. genitalium PCR-negative (Ta-
ble 1).

Men with discrepant specimens were older (median, 27.7 years)
than were men with concordant specimens (median, 25 years)
(P � 0.02).

Among the 30 C. trachomatis PCR-discrepant specimen sets, 2
(6.7%) were M. genitalium PCR-positive as compared with 19
(8.8%) of the 216 concordant specimen sets (P � 0.8).

Clinical information was available for 244 of the 246 C. tra-
chomatis-positive patients (30 with discrepant results and 214 with
concordant results). Selected clinical variables are listed in Table
3; most importantly, men with discrepant specimen sets were less
likely to have urethritis (P � 0.007). As for the M. genitalium-
positive men, the C. trachomatis-infected men with concordant
specimen sets more often had reported or observed urethral dis-
charge; for the men with chlamydia, this difference, however, did

TABLE 1. Distribution of M. genitalium and C. trachomatis PCR Results According to Specimen
Type Among 1,852 Patients Visiting the STD Clinic for the First Time

Test result

Urethral swab
specimen

(n � 1,852)
First Void Urine

(n � 1,852)

M. genitalium PCR positive 104 5.6% 123 6.6%
C. trachomatis PCR positive 220 11.9% 242 13%
M. genitalium PCR inhibitory 9 0.5% 12 0.5%
C. trachomatis PCR inhibitory 0 0% 3 0.2%
M. genitalium and C. trachomatis PCR negative 1,531 82.7% 1,494 80.7%

TABLE 2. Distribution According to Specimen Type of 126 M. genitalium and 246 C. trachomatis PCR Positive Specimen Sets from
1,852 Male Patients Attending the STD Clinic for the First Time, and of 203 M. genitalium and 270 C. trachomatis PCR Positive Specimen
Sets Among 2002 Specimens Sets from Patients Attending the STD Clinic at any Visit

Urethral Swab
First Void

Urine

M. genitalium
PCR Positive,

First Visit
(n � 126)

C. trachomatis
PCR Positive,

First Visit
(n � 246)

M. genitalium
PCR Positive,

Any Visit
(n � 203)

C. trachomatis
PCR Positive,

Any Visit
(n � 270)

� � 101 (80.2%) 216 (87.8%) 165 (81.3%) 236 (87.4%)
� - 3 (2.4%) 4 (1.6%) 5 (2.5%) 6 (2.2%)
- � 22 (17.5%) 26 (10.6%) 33 (16.3%) 28 (10.3%)
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Table 4. Distribution According to Specimen Type of 51 M. genitalium and 73 C. trachomatis 
PCR Positive Specimen Sets from 753 Female Patients Attending the STD Clinic for the First 
Time, and of 61 M. genitalium and 75 C. trachomatis PCR Positive Specimen Sets Among 828 
Specimen Sets from Patients Attending the STD Clinic at any Visit 

 
The effect of freezing specimens for later analysis was also studied in a subgroup of  
M. genitalium positive samples. In male FVU  94% remained positive after storage for 
1 to 18 months in -20° C whereas in female urine only 73% remained positive, 
indicating the need of immediate analysis of this specimen in order to obtain optimal 
sensitivity. 
 
4.3 PAPER III 
This case report of a patient with C. trachomatis negative unilateral chronic 
conjunctivitis is the first publication showing the presence of M. genitalium DNA in the 
conjunctival sac. The patient had a concomitant urethritis in all probability caused by 
M. genitalium and the clinical symptoms from the eye and the urethra cleared after 
treatment with doxycycline 100 mg twice a day for 10 days. The follow-up tests of cure 
were negative for M. genitalium, although the microbiological clearance in the urethra 
took a longer time compared to the eye. The DNA sequence of M. genitalium was 
found identical in the positive specimens (figure 3). 
 
 
 
 
 
 
 
 

and could be supplemented either with a urethral swab or with a
cervical swab specimen to increase sensitivity (Table 6). Two
urethral swabs (0.3%) were inhibitory in the M. genitalium PCR
compared with 1 (0.1%) cervical swab and 2 (0.3%) FVU speci-
mens (Table 4). Eight (16%) of the women were simultaneously
positive for C. trachomatis in 1 or more of the specimens. A
positive C. trachomatis infection status showed a trend toward
being associated with having an M. genitalium false-negative
urethral swab specimen, because 6 of 21 patients with a negative
urethral swab were C. trachomatis-positive compared with 2 of 29
with a positive urethral swab (P � 0.05).

Considering all 828 specimen sets collected from the 753
women at any visit resulted in a total of 61 M. genitalium PCR-
positive specimen sets, but did not change the conclusions regard-
ing performance of swab specimens compared with FVU (Tables
5 and 6).

Chlamydia trachomatis in Women

A total of 73 (9.7%) of the 753 women attending the clinic for
their first visit were positive for C. trachomatis in 1 or more of the
FVU, cervical, or urethral swab specimens. C. trachomatis-posi-
tive women were younger (median age, 23.3 years) than C. tra-
chomatis-negative women (median age, 25.9 years) (P �0.0001).
The age-specific C. trachomatis prevalence is shown in Figure 2.
Only 51 (70%) were positive in all 3 specimen types (Table 5).
Urethral swabs detected 57 (78%) of the infections, cervical swabs
detected 63 (86%), and FVU detected 66 (90%) of the infected
women (Table 4). Using Cochran’s Q test, the performance of the
3 different specimen types was only borderline statistically differ-
ent (P � 0.057). By pairwise comparison, the cervical swab
specimen detected more infections than the urethral swab, but
using McNemar’s test, this difference did not reach statistical
difference (P � 0.24). The FVU specimen was significantly more
efficient than the urethral (P � 0.01) but not more efficient than the
cervical swab specimen (P � 0.61). One woman was positive in
the urethral swab only, whereas 6 and 4 were positive in the

cervical swab only and in the FVU only, respectively. Thus, the
cervical swab specimen should always be collected and could be
supplemented with a urethral swab, or preferably with an FVU
specimen to increase sensitivity (Table 6). Inhibition of the C.
trachomatis PCR was not observed in any of the specimens.

Considering all 828 available specimen sets collected at any
visit only added 2 C. trachomatis PCR-positive specimen sets, and
thus, did not contribute to further information (Tables 5 and 6).

Evaluation of the Sample Preparation Method for Swab
Specimens

Of the 15 M. genitalium-discrepant male urethral swab speci-
mens used for evaluation of the efficiency of the sample prepara-
tion method, 5 (33%) were positive in the confirmatory PCR at
initial testing. However, because they were initially negative in the
screening assay, they were considered false-negative in the eval-
uation. After repeated sample preparation using the standard pro-
cedure, 2 were positive in the 16S rRNA gene PCR, whereas 9
were positive when the specimens were treated according to the
modified FVU procedure (P � 0.02). Thus, concentrating the swab
specimen by centrifugation might improve the sensitivity of this
specimen type. Furthermore, when 100 urethral swab specimens
from concordant-negative specimen sets were prepared with the
modified FVU procedure, 2 additional positives were identified.
When the original sample preparation of urethral and FVU spec-
imens from these 2 patients were retested, both the urethral swab
and the FVU were found positive either in the screening or in the
confirmatory assay indicating that they were false-negative in the
initial assay.

Evaluation of the Impact of Freezing Specimens

Male First Void Urine Specimens. Of the 102 M. genitalium-
positive FVU specimens subjected to Chelex extraction immedi-
ately after receipt in the laboratory, 96 (94%) remained positive
after storage at -20°C for 1 to 18 months. When 68 of the

TABLE 4 Distribution of M. genitalium and C. trachomatis PCR Results Among 753 Female
Patients Visiting the STD Clinic for the First Time

Test Result
Urethral Swab

Specimen
Cervical Swab

Specimen First Void Urine

M. genitalium PCR positive 29 3.9% 36 4.9% 45 6.0%
C. trachomatis PCR positive 57 7.6% 63 8.4% 66 8.8%
M. genitalium PCR inhibitory 2 0.3% 1 0.1% 2 0.3%
C. trachomatis PCR inhibitory 0 0% 0 0% 0 0%

TABLE 5. Distribution According to Specimen Type of 51 M. genitalium and 73 C. trachomatis PCR Positive Specimen Sets from 753
Female Patients Attending the STD Clinic for the First Time, and of 61 M. genitalium and 75 C. trachomatis PCR Positive Specimen Sets
Among 828 Specimens Sets from Patients Attending the STD Clinic at any Visit

Urethra Cervix Urine

M. genitalium
Positive, First Visit

(n � 51)

C. trachomatis
Positive, First Visit

(n � 73)

M. genitalium
Positive, Any Visit

(n � 61)

C. trachomatis
Positive, Any Visit

(n � 75)

� � � 20 (39%) 51 (70%) 25 (41%) 53 (71%)
� � � 1 (2%) 0 (0%) 1 (2%) 0 (0%)
� � � 12 (24%) 6 (8%) 13 (21%) 6 (8%)
� � � 6 (12%) 5 (7%) 10 (16%) 5 (7%)
� � � 2 (4%) 1 (1%) 2 (3%) 1 (1%)
� � � 3 (6%) 6 (8%) 3 (5%) 6 (8%)
� � � 7 (14%) 4 (5%) 7 (11%) 4 (5%)
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Figure 3. Rooted cladogram, generated by ClustalW (MegAlign software, DNASTAR), showing 
the relatedness between sequences obtained from 14 isolated Mycoplasma genitalium strains 
and 30 M. genitalium-positive clinical specimens sequenced, by PCR, as a part of a previous 
study. The sequences obtained from the patient with conjunctivitis (in boldface) clustered with 
sequences from specimens from 3 men and 1 woman, collected within a 5-week-period 8 
months earlier in another town. “M30 early” refers to passage 7 of the strain and “M30 late” 
refers to the strain deposited in the American Type Culture Collection. “FVU” denotes 
sequences obtained from a first-void urine specimen, and “Cervix” denotes sequences obtained 
from a cervical swab specimen. *Sequences obtained from the same patient. **Sequences 
obtained from the same patient at different visits. ***Sequences obtained from sequential 
 M. genitalium isolates. 
 
 
 

 
 
 
 
4.4 PAPER IV 
In this multi-centre study, 152 men and 60 women infected with M. genitalium were 
recruited for the evaluation of doxycycline and azithromycin treatment. Fifty-three 
patients were excluded; 18 were lost to follow-up, 7 patients received lymecycline as 
first-line treatment, and 28 had wrong inclusion criteria such as recent antibiotic 
treatment or were not followed-up within the scheduled time frame according to the 
protocol. Fifty-seven patients who failed the initial treatment were available for 
evaluation after the extended cross-over treatment with doxycycline and azithromycin 
(figures 4 and 5). 
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Figure 1. Rooted cladogram, generated by ClustalW (MegAlign software, DNASTAR), showing the relatedness between sequences obtained from 14
isolated Mycoplasma genitalium strains and 30 M. genitalium–positive clinical specimens sequenced, by PCR, as part of a previous study [3]. The sequences
obtained from the patient with conjunctivitis (in boldface) clustered with sequences from specimens from 3 men and 1 woman, collected within a 5-week-
period 8 months earlier in another town. “M30 early” refers to passage 7 of the strain and “M30 late” refers to the strain deposited in the American
Type Culture Collection. “FVU” denotes sequences obtained from a first-void urine specimen, and “Cervix” denotes sequences obtained from a cervical
swab specimen. *Sequences obtained from the same patient. **Sequences obtained from the same patient at different visits. ***Sequences obtained
from sequential M. genitalium isolates.

It is well known that C. trachomatis can be isolated from the

conjunctiva and that it is associated with unilateral conjunctivi-

tis in adults [4]. The mode of transmission is believed to be by

autoinoculation via the hands, during a concomitant urogenital

infection. Similarly, this case of M. genitalium–associated con-

junctivitis may have been caused by contamination of the eye

with genital secretions. This speculation is substantiated by the

fact that the patient was found to have urethritis and prolonged

intermittent dysuria and that urine samples were found to be

positive for a strain of M. genitalium with a sequence identical

to the sequence obtained from the conjunctival specimen.

M. genitalium and C. trachomatis infections share several other

similarities: individuals with either infection are often asymp-

tomatic, and both infections may cause cervicitis in women and

NGU in men and women, may invade the upper genitalia in

women, and may be found in the rectum, especially in men who

have sex with men. However, the response to treatment with

doxycycline is often different; M. genitalium is much less sus-

ceptible to treatment that is standard for C. trachomatis infection

[5]. A better alternative is treatment with azithromycin, which

shows a higher response rate when compared with doxycycline

[5]. In this case, the patient responded clinically and microbi-

ologically to doxycycline, although, 6 weeks after the start of

treatment, a PCR-positive urine specimen was obtained and signs

of urethritis were present. However, the positive PCR result may

have been caused by nonviable M. genitalium cells, since the

infection was cleared after another 3 weeks without further treat-

ment. To our knowledge, this is the first report of M. genitalium–

associated unilateral conjunctivitis. The emerging evidence that

M. genitalium is a common STI indicates that a commercially

available testing method is urgently needed.
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Figure 4.  Study profile for men infected with Mycoplasma genitalium 
 
 
Figure 5. Study profile for women infected with Mycoplasma genitalium  
                                              

 
 
The eradication rate after azithromycin 1 g as a single dose was 85% in men and 88% 
in women and this was superior to doxycycline 200 mg day 1, 100 mg days 2-9, which 
only cleared 17% and 37% in men (p<0.001) and women (p= 0.001) respectively. No 
difference was found regarding early (20-30 days) or late (31-56 days) follow-up. 
Surprisingly, the clinical response rate was a poor predictor of M. genitalium 
eradication regarding signs of infection in both men and women and symptoms in 
women, which indicates the need of a microbiological test of cure (tables 5 and 6).  
A clinical evaluation only is clearly insufficient. 
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after informed consent, those patients positive for M genitalium
and negative in the routine screening tests at the initial visit
were included in the study.
Patients still positive for M genitalium at follow-up were

treated with azithromycin 500 mg on day 1 and 250 mg on days
2–5 if a tetracycline was given initially and with doxycycline
100 mg twice daily for 15 days if azithromycin was given
initially (extended treatment). In order to be eligible for
evaluation of the different treatments, the follow-up visits
were to take place 20–56 days after initiation of treatment.
An evaluation of the response rate was also performed
comparing early follow-up (20–30 days) with late follow-up
(31–56 days). Each patient was told to abstain from sexual
intercourse during treatment and until the present sexual
partner had been treated.
A medical history review and a clinical examination were

performed at each visit according to a standardised protocol.
Urethral and cervical smears were taken, stained in Methylene
Blue and examined at 10006magnification for the presence of
polymorphonuclear leucocytes (PMNLs). Vaginal wet smears
were examined for the presence of PMNLs, clue cells,
Trichomonas vaginalis and yeasts. Urethritis was defined as >5
PMNLs in urethral smears. Cervicitis was diagnosed when >30
PMNLs were seen in cervical smears and more PMNLs than
epithelial cells were observed in the wet smear. The symptoms
considered were dysuria, urethral itch, discharge from the
urethra and/or vagina and bleeding abnormalities. Nucleic acid
amplification tests (NAATs) for C trachomatis and cultures for
N gonorrhoeae were carried out according to the routines of each
clinic. First, void urine and cervical specimens were sent by mail
to Statens Serum Institut in Copenhagen, Denmark for
detection of M genitalium by PCR as previously described.25

One centre (Falun in Sweden) analysed the specimens in the
local laboratory using minor modifications of the same
method.26

Fisher’s exact test (two-tailed) was used to test for differ-
ences in proportions, and the proportion difference with
95% confidence interval is given. The Mann–Whitney test
was used to test differences in continuous variables between
groups.

RESULTS
Two hundred and twelve patients were recruited, and 159 were
eligible for evaluation of the effect of doxycycline versus
azithromycin standard treatment. Fifty-three patients were
excluded; 18 were lost for follow-up, seven patients received
lymecycline as standard treatment, and 28 had wrong inclusion
criteria such as recent antibiotic treatment orwere not followed up
within the scheduled time frame. Fifty-seven patients who failed
the initial treatment were available for evaluation after extended
treatment with azithromycin and doxycycline (figs 1 and 2).
One clinic used only azithromycin and one only doxycycline,

whereas four clinics used primarily doxycycline but switched to
azithromycin for initial treatment during the study period.
The median age of the recruited patients was 27 years (range

18–61 years) for men and 24 years (range 19–42 years) for
women. There was no difference in age between the treatment
groups (p=0.67 for men and p=0.95 for women). All patients,
except two men, reported heterosexual contacts only.

Initial treatment

Men (table 1)
Of the 76 men initially treated with doxycycline, 13 (17% (95%
CI: 9 to 27)) had a negative M genitalium PCR test at the follow-
up visit. The eradication rate was 12% (5/43) and 24% (8/33) for
early and late follow-up respectively (p=0.219; proportion
difference 20.13 (20.31 to 0.05)).
Of the 39 men initially treated with azithromycin 1 g stat., 33

(85% (95% CI: 69 to 94)) had a negative M genitalium PCR test
at the follow-up visit. There was no difference between early
(18/22 82%) and late (15/17 88%) follow-up (proportion
difference 0.06 (20.20 to 0.30)). The microbiological cure rate
was significantly better (p,0.001) for azithromycin 1 g stat.
than for doxycycline.
There were no differences between early and late follow-up

regarding the effect on signs and symptoms. Despite eradication
of M genitalium, a considerable number of men still had positive
smears (6/13 after doxycycline and 15/31 after azithromycin;
proportion difference 0.02 (20.32 to 0.29)) and reported clinical
symptoms (4/11 after doxycycline and 4/25 after azithromycin;
proportion difference 0.20 (20.09 to 0.52)).

Figure 1 Study profile for men infected with Mycoplasma genitalium.

In practice

Sex Transm Infect 2008;84:72–76. doi:10.1136/sti.2007.027375 73

 

  17 

 
Figure 4.  Study profile for men infected with Mycoplasma genitalium 
 
 
Figure 5. Study profile for women infected with Mycoplasma genitalium  
                                              

 
 
The eradication rate after azithromycin 1 g as a single dose was 85% in men and 88% 
in women and this was superior to doxycycline 200 mg day 1, 100 mg days 2-9, which 
only cleared 17% and 37% in men (p<0.001) and women (p= 0.001) respectively. No 
difference was found regarding early (20-30 days) or late (31-56 days) follow-up. 
Surprisingly, the clinical response rate was a poor predictor of M. genitalium 
eradication regarding signs of infection in both men and women and symptoms in 
women, which indicates the need of a microbiological test of cure (tables 5 and 6).  
A clinical evaluation only is clearly insufficient. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Women (table 2)
Of the 27 women initially treated with doxycycline, 10 (37%
(95% CI: 19 to 58)) had a negative M genitalium PCR test at the
follow-up visit. The eradication rate was 30% (3/10) and 41%
(7/17) for early and late follow-up respectively (p=0.692;
proportion difference 0.11 (20.44 to 0.27)). Of the 17 women
initially treated with azithromycin, 15 (88% (95% CI: 64 to 99))
had a negative M genitalium PCR test at the follow-up visit. The
eradication rate was 80% (4/5) and 92% (11/12) for early and
late follow-up, respectively (p=0.515; proportion difference
20.12 (20.57 to 0.23)). Azithromycin was significantly more
efficient in eradicating M genitalium than was doxycycline
(p=0.0014).
Due to inconsistent sampling at the initial visit, only a few

women could be evaluated regarding signs and symptoms.
There were still some women who did not respond clinically,
although M genitalium was eradicated.

Extended treatment

Men (table 3)
The extended azithromycin treatment was evaluated in 47 men
who failed the initial doxycycline treatment. The microbiolo-
gical eradication rate was 96% (95% CI: 85 to 99). Due to the
low number of patients failing initial therapy with azithromy-
cin, only three men were given the extended doxycycline
treatment, and two had a negative M genitalium PCR at follow-
up. Notably, none of the three men with clinical symptoms
became asymptomatic.

Women
All six women, receiving extended azithromycin treatment after
initial doxycycline failure, had negative M genitalium PCR tests
at the follow-up visit (100% (95% CI: 54 to100)).
The single woman receiving extended doxycycline treatment

failed to respond both microbiologically and clinically.

Figure 2 Study profile for women infected with Mycoplasma genitalium.

Table 1 Effect of initial doxycycline versus initial azithromycin treatment in men infected with M genitalium

Doxycycline Azithromycin p value Proportion difference (95% CI)

Microbiological eradication

Whole group 13/76 (17) 33/39 (85) ,0.001 0.68 (0.51 to 0.79)

With signs 13/75 (17) 31/37 (84) ,0.001 0.66 (0.49 to 0.78)

With symptoms 11/67 (16) 25/31 (81) ,0.001 0.64 (0.45 to 0.78)

With signs and symptoms 11/66 (17) 24/30 (80) ,0.001 0.63 (0.43 to 0.77)

Without signs 0/1 (0) 2/2 (100) 0.333 1.00 (20.32 to 1.0)

Without symptoms 2/9 (22) 8/8 (100) 0.002 0.78 (0.35 to 0.94)

Without signs and symptoms 0 (0) 1/1 (100)

Clinical response rate: signs

Whole group 21/75 (28) 17/37 (46) 0.089 0.18 (20.01 to 0.36)

Mg eradicated 7/13 (54) 16/31 (52) 1.000 20.02 (20.32 to 0.29)

Mg persisting 14/62 (23) 1/6 (17) 1.000 20.06 (20.25 to 0.35)

Clinical response rate: symptoms

Whole group 22/67 (33) 24/31 (77) 0.001 0.44 (0.24 to 0.61)

Mg eradicated 7/11 (64) 21/25 (84) 0.214 0.20 (20.09 to 0.52)

Mg persisting 15/56 (27) 3/6 (50) 0.344 0.23 (20.11 to 0.57)

Percentages are shown in parentheses.

In practice

74 Sex Transm Infect 2008;84:72–76. doi:10.1136/sti.2007.027375
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Of the men failing the doxycycline treatment, 47 were available for follow-up after the 
extended azithromycin treatment with 500 mg day one and 250 mg days 2-5. The 
microbiological eradication rate was 96% with this treatment. The clinical response rate 
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Azithromycin 1 g stat. versus azithromycin extended treatment
For all comparisons between extended azithromycin and 1 g
stat., it should be noted that the two groups are not directly
comparable, as the patients treated with extended azithromycin
had failed on initial doxycycline treatment.
The response rate was better for the extended treatment (45/

47 96%) than for the initial (33/39 85%), but this did not reach
statistical significance (p=0.133; proportion difference 0.11
(20.01 to 0.26)).

Treatment effects in men versus women
There was no gender difference in the microbiological eradica-
tion rate after azithromycin 1 g stat. or after extended
azithromycin treatment. For both men and women, the
eradication rate as well as the clinical response after doxycycline
treatment was poor. However, women appeared to achieve
higher eradication rates than did men, as 10/27 (37%) of the
women cleared the infection as compared with 13/76 (17%) of
the men (p=0.057; proportion difference 0.20 (0.01 to 0.40)).
The number of patients receiving the extended doxycycline
treatment was too small to permit conclusions.

DISCUSSION
We found that the azithromycin treatment was significantly
better than the doxycycline treatment. The microbiological
response rate of azithromycin 1 g was relatively high in both
males (85%) and females (88%), but a treatment efficacy lower
than 95% is generally not considered acceptable in treatment of
STIs. The extended treatment with azithromycin seemed to be
more effective than single-dose treatment, since 96% and 100%
of men and women, respectively, had M genitalium eradicated.
This study was initiated when little was known about the

effect of antibiotics onM genitalium infections. As a result of the
study, the extended treatment with azithromycin is now the
recommended treatment of M genitalium infections in
Scandinavia. We are aware that the study design was an open
treatment trial. However, since the main outcome measure was
eradication of M genitalium, this should not change the
conclusions. Furthermore, the low number of patients in some
of the groups may limit our conclusions.
Two earlier studies have found that tetracyclines have a good

treatment efficacy.5 8 However, several other reports have
described persistence of M genitalium and recurrence of
symptoms after tetracyclines27 and a much better effect of
azithromycin treatment in eradicating M genitalium.28 In a
recent randomised clinical trial performed in the US comparing
azithromycin 1 g stat. to doxycycline 100 mg twice daily for
7 days in men with urethritis, eradication rates were found to
be very comparable with those found in the present study with
an eradication rate of 84% after azithromycin compared with
only 36% after doxycycline.20 Differences in dosage schemes and
the timing of follow-up specimens can at least partly explain the
differences between studies regarding the efficacy of tetracy-
clines, but local differences in the susceptibility pattern may
also play a role.
Although the overall response to doxycycline was very poor,

females had a higher microbiological eradication rate than did
males, 37% versus 17%. The reason for this discrepancy is
unclear. It might be speculated that men harbour M genitalium
in compartments (eg, the prostate gland) that are not reached
by sufficiently high concentrations of doxycycline to eradicate
the bacteria.
There was a trend towards a higher microbiological cure rate

in patients attending for late follow-up than for those attending
early. This may indicate that non-viable M genitalium DNA is

Table 2 Effect of initial doxycycline versus initial azithromycin treatment in women infected with M. genitalium

Doxycycline Azithromycin p value Proportion difference (95% CI)

Microbiological eradication

Whole group 10/27 (37) 15/17 (88) 0.001 0.51 (0.22 to 0.70)

With signs 7/20 (35) 7/8 (88) 0.033 0.52 (0.11 to 0.75)

With symptoms 7/20 (35) 9/10 (90) 0.007 0.55 (0.17 to 0.76)

With signs and symptoms 5/16 (31) 5/6 (83) 0.056 0.52 (0.04 to 0.78)

Without signs 3/7 (43) 3/3 (100) 0.200 0.57 (20.13 to 0.85)

Without symptoms 3/7 (43) 6/7 (86) 0.266 0.42 (20.09 to 0.77)

Without signs and symptoms 1/4 (25) 1/1 (100) 0.400 0.75 (20.31 to 0.96)

Clinical response rate: signs

Whole group 5/20* (25) 3/8* (38) 0.651 0.13 (20.22 to 0.50)

Mg eradicated 4/7 (57) 3/8 (38) 0.619 20.20 (20.61 to 0.30)

Mg persisting 1/13 (8) 0/0 (0)

Clinical response rate: symptoms

Whole group 5/20* (25) 4/10* (40) 0.431 0.15 (20.19 to 0.49)

Mg eradicated 3/7 (43) 4/9 (44) 1.000 0.02 (20.44 to 0.46)

Mg persisting 2/13 (15) 0/1 (0) 1.000 20.15 (20.43 to 0.68)

Percentages are shown in parentheses.
*Incomplete information available for some of the patients compared with microbiological eradication rate.

Table 3 Effect of extended azithromycin treatment in men infected
with M. genitalium

Microbiological eradication rate

Whole group 45/47 (96; 85 to 99)

With signs 43/45 (96; 85 to 99)

With symptoms 42/44 (95; 85 to 99)

With signs and symptoms 42/44 (95; 85 to 99)

Without signs 1/1 (100; 3 to 100)

Without symptoms 2/2 (100; 16 to 100)

Without signs and symptoms 1/1 (100; 3 to 100)

Clinical response rate: signs

Whole group 33/43* (77; 61 to 88)

Mg eradicated 31/41 (76; 60 to 88)

Mg persistent 2/2 (100; 16 to 100)

Clinical response rate: symptoms

Whole group 38/43* (88; 75 to 96)

Mg eradicated 37/41 (90; 77 to 97)

Mg persistent 1/2 (50; 1 to 99)

Percentages with 95% confidence intervals are shown in parentheses.
*Incomplete information available for some of the patients compared with
microbiological eradication rate.

In practice
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Table 7. Effect of extended azithromycin treatment in men infected with M. genitalium  

 
Although not directly comparable, the difference in eradication rates between the single 
dose (85%) versus the extended and higher dosage (96%) of azithromycin in men did 
not reach a statistically significant level (p=0.133). The latter dosage however has 
emerged as the standard treatment of M. genitalium infections because of reasons 
mentioned in the discussion below. 
 
4.5 PAPER V 
In this study, the clinical findings in the women recruited as described in paper II were 
evaluated. The M. genitalium positive women more often attended due to the suspicion 
of an STI compared to the C. trachomatis positives (62% vs. 29%, p=0.001) because 
the latter group, not surprisingly, attended in a large proportion as the result of contact 
tracing. The majority of the women reported an ongoing sexual relationship, but there 
was a difference between the group who suspected an STI and the screening group. 
56% in the former group and 70% in the latter reported an ongoing relationship 
(p=0.03). The C. trachomatis positive women reported a shorter duration of the 
ongoing relationship compared to those of the screening group. 
The number of sexual partners in the last six month period was lower in the  
M. genitalium infected group as compared to the C. trachomatis group but of the same 
level as the control groups. Methods of contraception were the same in all groups and 
condom use was scarce. Notably almost 40% of the women reported no protection. 
Earlier infection with C. trachomatis was reported by approximately one third of the 
women with insignificant differences between the groups, further illustrating the high 
risk taking profile of the study population. 
When asked if they had any symptoms of STI, the M. genitalium positive women more 
often responded yes compared to the C. trachomatis positive and the screening group 
but, if present, the more specific symptoms of discharge or dysuria were reported to the 
same degree in all groups (table 8).  
 
 

Azithromycin 1 g stat. versus azithromycin extended treatment
For all comparisons between extended azithromycin and 1 g
stat., it should be noted that the two groups are not directly
comparable, as the patients treated with extended azithromycin
had failed on initial doxycycline treatment.
The response rate was better for the extended treatment (45/

47 96%) than for the initial (33/39 85%), but this did not reach
statistical significance (p=0.133; proportion difference 0.11
(20.01 to 0.26)).

Treatment effects in men versus women
There was no gender difference in the microbiological eradica-
tion rate after azithromycin 1 g stat. or after extended
azithromycin treatment. For both men and women, the
eradication rate as well as the clinical response after doxycycline
treatment was poor. However, women appeared to achieve
higher eradication rates than did men, as 10/27 (37%) of the
women cleared the infection as compared with 13/76 (17%) of
the men (p=0.057; proportion difference 0.20 (0.01 to 0.40)).
The number of patients receiving the extended doxycycline
treatment was too small to permit conclusions.

DISCUSSION
We found that the azithromycin treatment was significantly
better than the doxycycline treatment. The microbiological
response rate of azithromycin 1 g was relatively high in both
males (85%) and females (88%), but a treatment efficacy lower
than 95% is generally not considered acceptable in treatment of
STIs. The extended treatment with azithromycin seemed to be
more effective than single-dose treatment, since 96% and 100%
of men and women, respectively, had M genitalium eradicated.
This study was initiated when little was known about the

effect of antibiotics onM genitalium infections. As a result of the
study, the extended treatment with azithromycin is now the
recommended treatment of M genitalium infections in
Scandinavia. We are aware that the study design was an open
treatment trial. However, since the main outcome measure was
eradication of M genitalium, this should not change the
conclusions. Furthermore, the low number of patients in some
of the groups may limit our conclusions.
Two earlier studies have found that tetracyclines have a good

treatment efficacy.5 8 However, several other reports have
described persistence of M genitalium and recurrence of
symptoms after tetracyclines27 and a much better effect of
azithromycin treatment in eradicating M genitalium.28 In a
recent randomised clinical trial performed in the US comparing
azithromycin 1 g stat. to doxycycline 100 mg twice daily for
7 days in men with urethritis, eradication rates were found to
be very comparable with those found in the present study with
an eradication rate of 84% after azithromycin compared with
only 36% after doxycycline.20 Differences in dosage schemes and
the timing of follow-up specimens can at least partly explain the
differences between studies regarding the efficacy of tetracy-
clines, but local differences in the susceptibility pattern may
also play a role.
Although the overall response to doxycycline was very poor,

females had a higher microbiological eradication rate than did
males, 37% versus 17%. The reason for this discrepancy is
unclear. It might be speculated that men harbour M genitalium
in compartments (eg, the prostate gland) that are not reached
by sufficiently high concentrations of doxycycline to eradicate
the bacteria.
There was a trend towards a higher microbiological cure rate

in patients attending for late follow-up than for those attending
early. This may indicate that non-viable M genitalium DNA is

Table 2 Effect of initial doxycycline versus initial azithromycin treatment in women infected with M. genitalium

Doxycycline Azithromycin p value Proportion difference (95% CI)

Microbiological eradication

Whole group 10/27 (37) 15/17 (88) 0.001 0.51 (0.22 to 0.70)

With signs 7/20 (35) 7/8 (88) 0.033 0.52 (0.11 to 0.75)

With symptoms 7/20 (35) 9/10 (90) 0.007 0.55 (0.17 to 0.76)

With signs and symptoms 5/16 (31) 5/6 (83) 0.056 0.52 (0.04 to 0.78)

Without signs 3/7 (43) 3/3 (100) 0.200 0.57 (20.13 to 0.85)

Without symptoms 3/7 (43) 6/7 (86) 0.266 0.42 (20.09 to 0.77)

Without signs and symptoms 1/4 (25) 1/1 (100) 0.400 0.75 (20.31 to 0.96)

Clinical response rate: signs

Whole group 5/20* (25) 3/8* (38) 0.651 0.13 (20.22 to 0.50)

Mg eradicated 4/7 (57) 3/8 (38) 0.619 20.20 (20.61 to 0.30)

Mg persisting 1/13 (8) 0/0 (0)

Clinical response rate: symptoms

Whole group 5/20* (25) 4/10* (40) 0.431 0.15 (20.19 to 0.49)

Mg eradicated 3/7 (43) 4/9 (44) 1.000 0.02 (20.44 to 0.46)

Mg persisting 2/13 (15) 0/1 (0) 1.000 20.15 (20.43 to 0.68)

Percentages are shown in parentheses.
*Incomplete information available for some of the patients compared with microbiological eradication rate.

Table 3 Effect of extended azithromycin treatment in men infected
with M. genitalium

Microbiological eradication rate

Whole group 45/47 (96; 85 to 99)

With signs 43/45 (96; 85 to 99)

With symptoms 42/44 (95; 85 to 99)

With signs and symptoms 42/44 (95; 85 to 99)

Without signs 1/1 (100; 3 to 100)

Without symptoms 2/2 (100; 16 to 100)

Without signs and symptoms 1/1 (100; 3 to 100)

Clinical response rate: signs

Whole group 33/43* (77; 61 to 88)

Mg eradicated 31/41 (76; 60 to 88)

Mg persistent 2/2 (100; 16 to 100)

Clinical response rate: symptoms

Whole group 38/43* (88; 75 to 96)

Mg eradicated 37/41 (90; 77 to 97)

Mg persistent 1/2 (50; 1 to 99)

Percentages with 95% confidence intervals are shown in parentheses.
*Incomplete information available for some of the patients compared with
microbiological eradication rate.
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However, when viewing the whole group, M. genitalium positive women more often 
reported discharge and dysuria combined compared to the screening group. It is notable 
that many M. genitalium infected women lacked symptoms as was the case in C. 
trachomatis infected women. When evaluating more objective signs of infection such 
as an abnormal vaginal and or cervical discharge no major differences were seen 
between the M. genitalium and C. trachomatis infected women. A notable discharge 
was however more often seen in these groups compared to the screening group (table 
9). Again, many M. genitalium infected women had no visible signs of infection. 
 

Table 8 
Reported symptoms 
Women infected with M. genitalium or C. trachomatis as compared to women attending for 
suspected STI or STI screening 

 Patients Controls 

 Mg* positive Ct** positive STI suspected STI screening 
     
Ongoing 
symptoms 

31/42 74% 33/63 52% 101/103 98% 49/159 31% 

     
Discharge 14/31 45% 14/33 42% 39/101  39% 21/49   43% 
Dysuria 3/31   10% 5/33   15%   10/101  10% 5/49     10% 
Discharge + 
dysuria 

9/31   29% 6/33   18% 12/101  12% 2/49     4% 

     
     

Ongoing symptoms:                            Discharge + dysuria: 
Mg pos./Ct pos. p=0.041                     Mg pos./STI susp. p=0.045 
Mg pos./STI screen. p<0.001              Mg pos./STI screen. p=0.003 
Ct pos./STI screen. p=0.003                Ct pos./STI susp. p=0.26 
                                                             Ct pos./STI screen. p=0.04 

*    =  M. genitalium
**  =  C. trachomatis 
Table 9 
Clinical findings 
Women infected with M. genitalium or C. trachomatis as compared to women attending for 
suspected STI or STI screening 

 Patients Controls 

 Mg* positive Ct** positive STI suspected STI screening 
Vaginal examination     
Normal 25/42 60% 44/60 73% 63/94 67% 136/157 87% 
Discharge 11/42 26% 15/60 25% 27/94 29% 15/157   10% 
Other findings*** 6/42   14% 1/60   2% 4/94   4% 6/157     4%
No data 0 3 9 3 
     
Examination 
portio/cervix 

    

Normal 32/40 80% 54/59 92% 86/93 92% 152/156 97% 
Discharge 7/40   18% 3/59   5% 4/93   4% 2/156     1% 
Other findings*** 1/40   3% 2/59   3% 3/93   3% 2/156     1% 
No data 2 4 10 4 
     

Vaginal examination normal:                      Examination portio/cervix normal: 
Mg pos./STI screen. p<0.001                      Mg pos./STI susp. p=0.068 
Ct pos./STI screen. p=0.026                        Mg pos./STI screen. p<0.001 
Vaginal examination discharge:                  Examination portio/cervix discharge: 
Mg pos./STI screen.p=0.009                       Mg pos./Ct pos. p=0.085 
Ct pos./STI screen. p=0.007                        Mg pos./STI susp. p=0.017 
                                                                     Mg pos./STI screen. p<0.001 

*     =  M. genitalium
**   =  C. trachomatis
*** =  redness, erosions, warts 



 

  21 

 
 
 
 
 
 
 
 
 
 
 
The microscopic findings were also normal in many infected women (table 10) but  
M. genitalium was associated with  5 PMNL in the urethral smears and with  30 
PMNL in the cervical smears and with an increased number of PMNL in the vaginal 
smears when compared to the situation in the screening group but not the  
C. trachomatis infected group. 
In conclusion, this study showed marked similarities between the women infected with 
C. trachomatis and M. genitalium. Like the C. trachomatis infected women, a 
substantial proportion of M. genitalium infected women lacked both subjective and 
objective symptoms of infection. In order to detect M. genitalium positive women, tests 
must be taken not only in symptomatic women but in high risk groups as well. The 
level of intervention is further discussed below. 
 

Table 10 
Microscopic findings 
Women infected with M. genitalium or C. trachomatis as compared to women attending for 
suspected STI or STI screening 

 Patients Controls 

 Mg* positive Ct** positive STI suspected STI screening 
PMNL*** urethra     
< 5 33/40 83% 54/59 92% 87/93 94% 142/147 97% 

 5 7/40   18% 5/59   8% 6/93   6% 5/147     3% 
no data 2 4 10 13 
     
PMNL*** cervix     
< 30 15/39 38% 36/61 59% 61/95 64% 110/146 75% 

 30 24/39 62% 25/61 41% 34/95 36% 36/146   25% 
no data 3 2 8 14 
     
PMNL*** vagina     
< epithelial cells 23/37 62% 35/45 78% 51/71 72% 97/119 82% 

 epithelial cells 14/37 38% 10/45 22% 20/71 28% 22/119 18% 
no data 5 18 32 41 
     

Urethra  5 :                                        Cervix  30:                                     Vagina  epithelial cells: 
Mg pos./Ct pos. p=0.217                     Mg pos./Ct pos. p=0.065                 Mg pos./STI screen. p=0.024 
Mg pos./STI susp. p=0.061                 Mg pos./STI susp. p=0.008 
Mg pos./STI screen. p=0.004              Mg pos./STI screen. p<0.001 
                                                             Ct pos./STI screen. p=0.030 

*  = M. genitalium
** = C. trachomatis
***= Polymorphonuclear leukocytes 
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5 DISCUSSION AND FUTURE PERSPECTIVES 

The role of M. genitalium as a pathogen causing sexually transmitted infections has 
been difficult to establish due to the lack of culture and serological diagnostic methods. 
Since M. genitalium was discovered almost 30 years ago the knowledge of this small 
bacterium has grown significantly. In the early 1990s the advent of PCR assays made it 
possible to study the prevalence of M. genitalium in different populations and its 
association with different diseases. Infection with M. genitalium is sexually transmitted 
and it is an independent cause of non-gonococcal urethritis in men and most likely of 
cervicitis in women. Upper genital tract infections in women such as endometritis and 
salpingitis have also been shown to be associated with M. genitalium infection. Late 
complications with tubal factor infertility have been reported based on serological 
evidence. There are only a few publications on extragenital manifestations associated 
with M. genitalium. More studies are needed and long-term follow-up is of great 
importance to learn more about upper genital infections and late sequelae.  

Our study “Mycoplasma genitalium in male STI patients with non-gonococcal 
urethritis” (I) corroborated the notion that M. genitalium is a cause of urethritis and also 
associated with recurrent urethritis. The finding of M. genitalium in 36% of men with 
NCNGU, compared to 0% of men with chlamydial urethritis and 10% in men without 
urethritis, strongly suggested that M. genitalium and C. trachomatis may be separate 
causes of urethritis. A considerable amount of studies have found a low prevalence of 
coinfection with M. genitalium and C. trachomatis and, thus, that the prevalence of  
M. genitalium is higher in male patients with NCNGU than in chlamydial NGU. The 
definition of urethritis can be discussed. In our study urethritis was defined as having 
4 PMNL /hpf in a urethral smear regardless of symptoms. M. genitalium positivity was 
associated with high-grade (  10 PMNL/hpf) microscopical urethritis and with 
symptomatic C. trachomatis negative urethritis. However, in a subgroup of the controls 
(n=44) without symptoms and with negative smears M. genitalium was detected in 11% 
indicating that testing should be performed liberally. 

Our study “Clinical aspects of Mycoplasma genitalium infection in women” (V)
supports an association between cervicitis and M. genitalium infection. The clinical 
presentation of women infected with M. genitalium was very similar to that of  
C. trachomatis. In both infections an abnormal vaginal discharge or cervical discharge 
was present more often when compared to that in the control groups. The infected 
women also had concurrent symptoms of dysuria and discharge more often than the 
controls. However, there is a large proportion of infected women without symptoms 
and signs. An important observation was that 30% of both infected women and controls 
reported a previous C. trachomatis infection and that 13% reported previous 
condylomas. Thus, all the patients in this study and perhaps a majority of all STI clinic 
attendees could be considered as having a high risk for sexually transmitted infections. 
This was further supported by the finding that approximately 40% of women in all 
groups reported no use of contraception at all. 

Most studies concerning M. genitalium infections have been carried out in STI clinic 
attendees. There are a few studies in other populations which have shown a rate of  
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M. genitalium of 1% of men and 1-3% of women [29-32]. These low rates suggest that 
screening for M. genitalium in the general population would not be meaningful. Ross et 
al. found that the rate of M genitalium infection in asymptomatic sexual-health clinic 
attendees was comparable with that of N. gonorrhoeae or C. trachomatis. No 
significant associations were found between M genitalium infection and age, gender, 
ethnicity or site of specimen [77].  

In conclusion: STI-clinics should recommend men and women to be tested for 
 M. genitalium regardless of signs and symptoms - if tests are available! 

In our publication “Conjunctivitis Associated with Mycoplasma genitalium Infection” 
(III) we reported of an extragenital manifestation of M. genitalium. To further 
investigate the prevalence of M. genitalium in conjunctivitis, 200 routine eye specimens 
sent to the Microbiological Laboratory at Karolinska University Hospital for  
C. trachomatis analyses also were tested for M. genitalium. Three (1.5%) were positive 
for M. genitalium (unpublished data). In comparison the prevalence of C. trachomatis
was 12/164 (7.3%) in eye specimens sent to the laboratory during 2008. Thus, so far it 
seems that M. genitalium is an infrequent cause of eye infection but more studies are 
needed. In order to learn more about M. genitalium and extragenital manifestations we 
suggest testing for M. genitalium on wide indications in conditions as reactive arthritis, 
neonatal infections and ocular infections. 

Our study “Comparison of First Void Urine and Urogenital Swab Specimens for 
Detection of Mycoplasma genitalium and Chlamydia trachomatis by Polymerase Chain 
Reaction in Patients Attending a Sexually Transmitted Disease Clinic” (II) investigated 
the optimal sampling for M. genitalium and C. trachomatis. An in-house, inhibitor 
controlled PCR method was used. In male patients, FVU was found to be superior to 
the urethral swab specimen detecting 97.6% and 98.4% of the M. genitalium and  
C. trachomatis infected patients, respectively. In women, FVU detected more 
infections than cervical swabs and urethral swab specimens. The urethral swab detected 
57%, the cervical swab 71% and FVU 88% of the M. genitalium infections. The study 
concluded that in women FVU should be collected together with a cervical swab for 
best sensitivity. The high sensitivity is maintained also when the endocervical swab is 
transported in the FVU specimen [78]. In a Norwegian study however, Moi et al. found 
that cervical swabs had a higher sensitivity than urine for detecting M. genitalium [5]. 
These different results may perhaps reflect differences in laboratory methods. In our 
study it appeared that optimal sensitivity on female urine specimens could be obtained 
only if they are subjected to sample preparation immediately after receipt. In samples 
stored frozen without sample preparation before storage, only 73% remained positive 
when retested. 
Several studies have recently shown that self-administered vaginal swabs have a higher 
sensitivity than both FVU and cervical swabs for C. trachomatis testing in women [79-
82]. Wroblevski et al. compared two NAAT methods for various genital specimen 
types of M. genitalium and found that vaginal swab specimens are the most sensitive 
for the detection of M. genitalium in women [83]. 

In conclusion: FVU is the optimal specimen for detection of M. genitalium in men. In 
women FVU should be combined with a cervical swab for optimal detection but the 
most efficient method for a sensitive diagnosis may be to combine FVU with a self-
administered vaginal swab in analogy with C. trachomatis diagnostics. 
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In our study “Antibiotic treatment of symptomatic Mycoplasma genitalium infection in 
Scandinavia: a controlled clinical trial” (IV) we found that azithromycin treatment was 
significantly better than doxycycline treatment. The microbiological response rate of 
azithromycin 1 g as single dose was 88% in females and 85% in males and 
corresponding figures for treatment with doxycycline was 37% in females and 17% in 
men. The extended treatment with 500 mg azithromycin day 1 and 250 mg days 2-5 
cured 100% of the females and 96% of the men.  

Several studies have described persistence of M. genitalium or recurrence of symptoms 
after treatment with tetracyclines and there are several reports of azithromycin 
treatment failure in M. genitalium infections. Of 120 infected men and women treated 
with azithromycin 1 g as single dose, M. genitalium was eradicated in 84%. The 
infection persisted in 16% and was eradicated with moxifloxacin treatment [84]. 
Development of macrolide resistance was shown to correlate with azithromycin 
treatment failure in a study of men with M. genitalium positive urethritis. The genetic 
basis for drug resistance was shown to be mutations in region V of the 23S rRNA gene 
[85]. Moxifloxacin has a high in vitro activity against urogenital mycoplasmas and has 
been shown to be effective to cure M. genitalium infection that persists after treatment 
with azithromycin. However, moxifloxacin should not be used as the first line of 
treatment of M. genitalium because of the risk of developing resistance if used 
inappropriately and because of the risk for side-affects. 

When M. genitalium is the cause of infection, it can be questioned if the use of 
azithromycin 1 g as a single dose in treatment of NGU in men and non-gonococcal 
cervicitis in women, is a suboptimal treatment which may increase the risk for 
resistance development. The treatment with a single dose azithromycin should therefore 
be avoided.  Unfortunately, different antibiotic treatments are needed for  
N. gonorrhoeae, M. genitalium and C. trachomatis. To avoid further development of 
antimicrobial resistance it is desirable, if possible, to wait for test results before 
treatment. The development of commercial tests for the detection of M. genitalium is 
needed in order to make M. genitalium diagnostics more available. This would promote 
a quick diagnose enabling a correct initial treatment. Ideally, this would include also a 
rapid test for azithromycin resistance to make treatment more targeted and safer.  

There are no published evidence based guidelines for treatment of M. genitalium.
CDC Treatment Guidelines from 2006 recommends azithromycin 1 g orally in a single 
dose or doxycycline 100 mg orally twice a day for 7 days for NGU and non-gonococcal 
cervicitis [86] and the recommendation of “2009 European Guideline on the 
Management of Male Non-gonococcal Urethritis” [2] is identical. Future studies should 
be conducted to evaluate the general applicability of the extended azithromycin 
treatment in all NGU. Preferably this should be done both in settings with a high and a 
low prevalence of macrolide resistance in M. genitalium.

In conclusion: we recommend azithromycin orally 500 mg day 1 followed by 250 mg 
daily for 4 days as the first line treatment of M. genitalium infection.  
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6 SAMMANFATTNING PÅ SVENSKA 

Bakterien Mycoplasma (M.) genitalium isolerades första gången 1980. Ytterligare 
odlingsförsök har visat att den är svårodlad på grund av sin långsamma tillväxt. 
Utvecklingen av PCR- (polymerase chain reaction) tekniken har möjliggjort en 
förenklad diagnostik av M. genitalium men det finns ännu inga kommersiella 
testmetoder. M. genitalium är sexuellt överförbar. Den är en oberoende orsak till uretrit 
hos män och, med hög sannolikhet, till cervicit hos kvinnor. Det finns nu en mängd 
data som visar att M. genitalium kan spela en viktig roll som orsak till uppåtstigande 
infektioner hos kvinnor och ge upphov till komplikationer som liknar dem som 
förorsakas av Chlamydia (C.) trachomatis-infektioner.  

I denna avhandling har olika kliniska aspekter på infektion med M. genitalium studerats 
hos patienter som sökt på vår mottagning för sexuellt överförbara infektioner. 

Artikel I: M. genitalium-infektion hos manliga patienter kunde associeras till uretrit där 
varken klamydia eller gonorré påvisades (non-chlamydial non-gonococcal urethritis). 
Patienter med M. genitalium-infektion hade oftare haft återkommande uretrit jämfört 
med kontrollpatienter.   

Artikel II: Olika provtagningstekniker ämnade att påvisa M. genitalium studerades. Hos 
män var urinprov (första portionen urin) känsligare än ett sekretprov från urinröret. 
Urinprovet hade en relativ sensitivitet på 98 % jämfört med 89 % hos sekretprovet. Hos 
kvinnor var kombinationen urinprov och ett sekretprov från livmoderhalskanalen 
känsligast. 

Artikel III: M. genitalium påvisades hos en patient med ensidig konjunktivit och 
samtidig uretrit. Identiska DNA-sekvenser påvisades i prov från ögat och urinröret. 
Patienten blev symtomfri efter antibiotikabehandling och proverna från ögat och 
urinröret blev negativa för M. genitalium. Detta är det första publicerade fallet av 
konjunktivit associerad med M. genitalium-infektion. 

Artikel IV: Olika antibiotikaregimer för behandling av M. genitalium studerades. 
Behandling med doxycyklin fungerade mycket sämre än behandling med azitromycin; 
både hos kvinnor och män. Azitromycin i dosen 500 mg dag 1 och 250 mg dag 2-5 gav 
bäst behandlingsresultat. Den behandlingsregimen rekommenderas idag som 
förstahandsbehandling vid infektion med M. genitalium.

Artikel V: Vi studerade och jämförde kliniska fynd hos kvinnor infekterade med  
M. genitalium, C. trachomatis och patienter utan dessa infektioner. Kliniskt fanns 
endast små skillnader mellan dessa grupper avseende symtom och infektionstecken. En 
betydande andel av de kvinnor som var infekterade med M. genitalium och  
C. trachomatis var asymtomatiska.  
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För att diagnostisera infektioner med M. genitalium hos kvinnor bör prover tas på vida 
indikationer – ungefär enligt den rutin som etablerats för kvinnor med C. trachomatis-
infektioner.  

Slutsatser: 
Vi rekommenderar en generös provtagning av både kvinnor och män för M. genitalium;
oavsett om det finns infektionstecken och/eller symtom - om det finns tillgång på 
tester! 
Den nationella behandlingsstrategi vi i första hand föreslår för M. genitalium är 
azitromycin per os 500 mg dag 1 och 250 mg dag 2-5! 
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